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A B S T R A C T 
 
This paper presents the results of an experimental study to measure the shortening of 
reinforced concrete (RC) columns under long-term maintaining concentric axial load. 
Long-term axial deformation due to shrinkage and creep of the concrete were recorded 
beside deformation due to mechanical load. Eight RC cylinder - columns (content of 
reinforcement 1.5% and 2%) with diameter of 150 mm and height of 600 mm were tested 
during the period of 600 days to determine their shortening. The experimental results 
showed that the long-term deformation of RC columns occurs primarily during the first 
year of loading. The deformation creep of concrete is much greater than the shrinkage 
deformation. The reinforcement content has a significant effect on the long-term 
deformation of concrete columns. 
1 Introduction 
Creep and shrinkage of concrete are two important physical properties of concrete. Long term effects of creep and 
shrinkage on the deformation of concrete structures can result in structural failure. For structural applications, engineers are 
concerned with changes in the length of members due to time dependent deformations. It is important to have information 
about the long-term deformations before it can be recommended for usage in structural works. 
Many experimental studies of the effects of loads on the behavior of RC columns have been conducted [1-6]. A research 
on long-term deformations of steel-reinforced concrete columns under sustained axial loads is conducted by Z. Chen et al. 
[7]. A.E. Schultz et al. [8] present an experimental research to define the effects of long-term deformations on the RC columns 
to cyclic loading. M.A. Salau [9] reports the comparative study of long-term deformations of normal concrete short columns 
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under sustained loading. A. B-Jahromi et al [10] investigated the effects of ambient temperature, relative humidity on concrete 
column shortening. This study showed that environmental factors, ambient temperature and relative humidity have impact 
on column shortening. The experiments show that the long-term deformations in RC columns caused by creep and shrinkage 
under long-term loading. A few researchs show also that the concrete structure under the effect of long-term load, non-elastic 
deformation due to the creep can increase a few times the initial deformation [11, 12].  
The objective of this study is to evaluate the long-term shortening of RC columns under concentric axial load. The results 
include long-term deformations of RC columns due to the effects of long-term maintaining load with considering shrinkage 
and creep in concrete. In addition, the effect of longitudinal steel reinforcement content on the long-term deformations of RC 
columns was also investigated. 
2 Experimental program 
2.1 Materials and composition of mixtures 
Portland cement were used to prepare plain cement concrete mixture C30. Crushed limestone was used as the coarse 
aggregate while dune sand was used as the fine aggregate. The aggregate grading conformed to ASTM C33 limits [13]. The 
specific gravity and water absorption of the coarse aggregate were 2.92 and 0.86 %, respectively. For fine aggregates, these 
values were 2.64 and 0.8 %, respectively. The concrete mix was designed in accordance with ACI 211.1 [14]. The 
compositions of the concrete are shown respectively in Table 1. 
Table 1 - The composition of mixtures for 1m3 of concrete 
Materials Concrete C30 
Cement, kg 385 
Sand, kg 605 
Coarse aggregate, kg 1135 
Water, kg 175 
Dry Density, kg/m3  2300 
Water/binder 0.45 
Compressive strength, MPa 38 
 
2.2 Specimens design and experimental setup 
Experimental models are RC columns cylinders with the diameter D = 150mm and height H = 600mm. As references in 
the standards ASTM C512 [15], RILEM TC 107-CSP [16] and AS 1012.16 [17], the ratio H/D = 4 is suitable for studying 
the behavior of RC columns under the long-term loads. Two groups of specimens of RC columns used in this study based on 
the content of longitudinal steel reinforcement (1.5% and 2%). All of the columns were reinforced with 8-mm-diameter 
deformed bars and the 4-mm-diameter smooth round stirrups.   
In each group, among the four RC columns, three specimens were used to determine the long-term deformations under 
the concentric axial load, on which these specimens were subjected to both deformations due to load and due to shrinkage 
(RSCL1.5 and RSCL2 – average value). The remaining column specimen is used to determine the long-term deformations 
due to shrinkage. The specimen is not affected by the experimental load but only the impact of the ambient temperature and 
humidity (RSC1.5 and RSC2). The RC columns were made with concrete C30. All of the specimens were stored in the same 
room at the same temperature and moisture conditions. The cross-section and detailing of reinforcement in RC columns are 
shown in Fig 1. 
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a- Specimens with longitudinal steel reinforcement content 
of 1.5% 
b- Specimens with longitudinal steel reinforcement content 
of 2% 
Fig 1. RC column specimen dimensions and reinforcement detailing 
The mechanical characteristics of the concrete are determined including the compressive strength and the elastic 
modulus. Experimental results for the compressive strength and modulus of elasticity of concrete over time are shown in Figs 
2 and 3. 
  
Fig 2. Development of compressive strength with time Fig 3. Development of modulus of elasticity with time 
2.2.1 Experimental of reinforced concrete column specimens under long-term load 
2.2.1.1 Long-term service load value 
For long-term load bearing specimens, the concrete worked during the elastic phase, the stress in concrete caused by in-
built load does not exceed 40% of the concrete ultimate compressive strength. This has been specified in the ASTM C512, 
RILEM TC 107-CSP and AS 1012.16 standards. 
Here, the compression force applied to the specimens is 35% of the compressive strength of the concrete at the time when 
starting to bear the load (7 days of age). The average compression force of concrete at the 7 days after casting is 484.3 kN, 
from which the compressive force applied to the specimens: P = 35% * 484.3 = 169.5 kN ∼ 170 kN (17 tons). 
2.2.1.2 Equipment creates long-term load on the columns 
The experimental equipment is a loading system to create the concentric axial load, long-term, to apply the loads on the 
column specimens. Fig 4 shows the general view of the setup for the experimental testing. The loading system includes two 
main parts: the initial loading system and the long-term load generating system.     
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1- Base plate; 2- Spring; 3- Steel bracket bottom; 3a- Stell bracket above; 4- Frame 
5- Testing specimen; 6- Lifting jack; 7-  Initial frame; 8- Load cell; 9- Indicator 
a. Detail of the loading system b. Photo of loading system 
Fig 4. General view of testing setup 
  
Fig 5. Testing of compressive RC columns 
After the load is applied to the specimens to reach test load value (P), turn the bolts to fix the position of the steel bracket 
bottom. Then remove the original loading system from the long-term load generating system. At this time, the compressive 
load applied to the specimen produced by the jet of the two springs. This is the long-term loads applied on the specimens. 
Details of the long-term load system to create the long-term compression load on the specimens are shown in Fig 5. 
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2.2.1.3 Selection of spring create compression force  
The basic requirement is when applying the load, springs work in the elastic region (the relationship between the load 
and the deformation of the springs is linear). Thus, in this study, two springs were chosen with the same geometry and 
materials (Figs 6, 7). To test the elastic working region of the spring, the spring compression test has been performed and the 
deformation of the spring was determined. With a request load of P = 170 kN, the compressive load on the spring is 0.5P. 
The results show that when the compressive load on the spring is 0.5P, the spring completely works in the elastic region. 
  
Fig 6. Detailed structure of spring  Fig 7. Relation of compression force and deformation of spring 
During the testing, the compression force produced by the springs on the specimens can be reduced. Control and 
monitoring of compressive strength reduction are achieved through the spring expansion [15, 16]. In this study, using the 
Indicator (9) to measure the spring expansion (see Fig 8). Based on the value of spring expansion and spring stiffness 
(according to the Fig 7), the reduction of compressive force of the spring is calculated. When the compression force of the 
spring decreases by more than 3% [16, 17], the initial loading system needs to be used to supplement the reduced load. 
 
Fig 8. Arrangement of deformation spring indicator 
2.2.1.4 Arrangement of deformation measuring devices 
Use Indicators to measure the deformation of specimens. In this experiment, 5 positions were measured on a cross section 
(Fig. 9) and numbered respectively I1, I2, I3, I4, I5. Deformation value at each time is determined by the value on the measuring 
equipment and calculated according to the following formula: 
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Where, Ii (t) is the reading value on Indicator i at time t after loading; Ii (0) is the reading value on the Indicator i before 
uploading the specimen; K is the indicator's gain factor (K = 100) and L0 is the measurement length (L0 = 400 mm). 
 
 
Fig 9. Arrangement of deformation measuring devices 
2.2.1.5 Testing time 
Long-term deformation including creep and shrinkage. Creep developed over time with the decelerating. When starting 
to load the creep increases rapidly and decreases as the time increases. The value of the creep value is 50% of the final value 
for the first 2 -3 months, and after 2 - 3 years it reaches 90% of the final value. After a few years of load bearing, the creep 
will increase very small [18]. According to standards such as [15-17], the test time measured creep, shrinkage of concrete is 
at least 6 months. In this study, the time of the long-term deformation test of reinforced concrete column is 20 months (600 
days). All of the specimens placed in the laboratory to ensure the monitoring and recording of results (Fig 10). During the 
experiment, set the devices to measure the temperature, humidity environment of the experimental area.  
 
Fig 10. RC columns specimens 
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2.2.2 Experimental of reinforced concrete column samples without load 
The long-term deformation of the specimens in this case, is mainly due to the shrinkage of the concrete. Measurement 
of the deformation of these specimens is done at the same time, and at the same time with the load-bearing specimens. The 
testing standard ASTM C157 [19] describes a way to estimate the potential of volumetric expansion of concrete. The 
deformation of the without load-bearing specimens are very small. So, to measure deformation values, it is necessary to use 
Indicators with a gain factor of K = 1000. In this case, 3 positions were measured on a cross section (Fig. 11). 
 
Fig 11. Arranging measuring indicator on specimens without load  
3 Results and discussion 
In order to evaluate the deformation test results for the experimental models, it is necessary to mention the measurement 
results of the environmental conditions. The results of humidity and temperature measurements are shown in Figs 12, 13. 
 
Fig 12. The environmental humidity condition 
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Fig 13. The environmental temperature condition 
The results of deformation testing of reinforced concrete column specimens under long-term load (including elastic 
deformation and creep deformation) and deformation of reinforced concrete column specimens (shrinkage deformation) after 
600 days were shown in Figs 14, 15.  
Through the results of deformation test of RC columns can be show that: 
The difference showing on Indicators recorded between the previous measurement and the following measurement within 
the monitoring period is consistent with the development rule of long-term deformation (increasing rapidly in initial age 
concrete without load and decreasing as time increases). 
Deformation monitoring of RC columns (RSCL1.5 and RSCL2) under axial load showed that the deformation value 
from the fourth month (120 days) to seventh month (210 days) was noticeably smaller than the previous months. This can be 
explained as follows, in addition to the effects of concrete age, during that time, the humidity of the laboratory environment 
is higher. Deformation monitoring of RC columns (RSC1.5 and RSC2) without load showed that the smallest deformation 
value occurring during high humidity months (April and May – see Fig 12). A. B-Jahromi et al [10] have also indicated that 
the deformation of columns can be reduced by 20% to 10% by increasing the relative humidity from 50% to 80%. 
 
Fig 14. Time-dependent long-term deformation of specimens with reinforced content 1.5% and 2% 
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Fig 15. Time-dependent shrinkage deformation of specimens with reinforced content 1.5% and 2% 
From Fig 14 and Fig 15, it can be seen that the deformation speed decreases over time, the two curves (with different 
reinforced content 1.5% and 2%) are nearly parallel in the later period. At the end of a 600 days loading period, the long-
term deformation of the columns was 798.1×10-6 and 741.1×10-6 in specimens RCSL1.5 and RCSL2, respectively and the 
shrinkage deformation of the columns was 137.5×10-6 and 107.5×10-6 in specimens RSC1.5 and RSC2, respectively. The 
shrinkage deformation curves tend to converge after about one year. The results show that the long-term deformation after 
600 days was 3.2 times larger (for the reinforced content of 1.5%) than instantaneous deformation, corresponding to 2% 
reinforcement content, this value was 2.73 times. For specimens with a small steel content, the deformation is larger and 
reverse. The results of this study are similar to those of Z. Chen et al. [7]. The long-term deformations of the columns 
decreased as the steel area ratio increased.     
4 Conclusion 
From the results of this study, some conclusions can be given as follow: 
The results have shown that the long-term deformations decreased as the steel content increased. The long-term 
deformations of RC columns under maintaining concentric axial load were large after 600 days. However, the curves 
(reinforced content 1.5% and 2%) converge in the later period (after one year). The results experimentals have also shown 
that the shrinkage deformation of RC columns increases as the age increases. The shrinkage deformations curves also 
converge after about one year. 
The changing environmental conditions (temperature and humidity) affect the long-term deformations and shrinkage of 
concrete column. Under the influence of higher humidity and temperature, RC column exhibit lower deformation. The 
experiment results proved that a reduction in value deformarion as the high humidity. 
From the datasets measured on the long-term deformations, can be calculated the time-depended creep coefficient. This 
coefficient has practical significance applicable in designing structures reinforcement concrete.  
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